The chemomechanical method was used to scribe the silicon surface with a diamond-tipped instrument in the presence of aryldiazonium salt, the silicon and the arenes was connected with covalent bond, and realize simultaneously functionalizing and patterning silicon. This provided experiment basis for building nano-scale functional structure. At first we scribe the silicon with a diamond-tipped instrument in the atmospheric, and get the micro-structure with better surface quality, which was then used as substrate for the next functionalizing and patterning silicon. By the silicon's controlled self-assembly experiments in the solution, the cutting speed, cutting assembly time in accord with the self-assembled monolayers' quality (SAMs), and more parameters suitable for the film growth are obtained. X-ray photoelectron spectroscopy was used to test the self-assembly monolayers, and atomic force microscopy as well as scanning electron microscopy to characterize the surface morphology. Results show that this method can efficiently achieve simultaneously functionalizing and patterning silicon. We also connect the carbon nanotubes to the SAMs, and charatrerize the surface with AFM. This will provide experimental basis for the further study using SAMs to function silicon surface.
I. INTRODUCTION
Because of the rapid growth of the semiconductor and microelectronics industries, silicon has been one of the most important materials. The chemomechanical modification of silicon has emerged as a simple and convenient alternative for simultaneously functionalizing and patterning silicon surfaces [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . When a oxide-coated silicon surface is scribed, Si−Si or Si−O bonds are mechanically broken, producing a chemically active surface that reacts with a variety of molecules, covalently binding them directly to a crystalline silicon substrate [12] . In general, excellent results are obtained in an open laboratory using compounds that have not been degassed or otherwise specially treated. Monolayers on silicon are formed by scribing in the presence of 1-alkenes [13] , 1-alkynes [14] , aldehydes [15] , epoxides [16] , and acid chlorides [17] . In this work, we scribe the silicon surface with a diamond scribe in the presence of aryldiazonium salt, the silicon and the arenes can be connected with covalent bond, and realize simultaneously functionalizing and patterning silicon. In 1997, Philippe et al. modified covalently carbon surfaces by aryl radicals generated from the electrochemical reduction of diazonium salts [18] . In 2001, Harnisch et al. described a new strategy for the creation of chemically modified carbonaceous stationary phases by the reduction of diazonium salts [19] . In 2005, Flatt showed that indi- † Part of the special issue from "The 6th China International Conference on Nanoscience and Technology, Chengdu (2007)".
* Author to whom correspondence should be addressed. E-mail: jmsdxshiliqiu@163.com vidualized (unroped) single walled carbon nanotubes (SWNTs) could be covalently attached to Si surfaces via orthogonally functionalized oligo-phenylene ethynylene (OPE) aryldiazonium salts without a CVD growth process [20] . The mechanism of formation of new monolayers on silicon in the presence of aryldiazonium salt is shown in Fig.1 [19] . The one-electron reduction of these salts forms an arene radical which then couples via a carbon-silicon linkage to the reactive silicon surface. Two arenediazonium-based modifiers are used: 4-nitrobenzenediazonium tetrafluoroborate (NBDT) and 4-hexylbenzenediazonium tetrafluoroborate (HBDT). To our knowledge, this method that we described is the first chemomechanical preparation of monolayers on oxide-coated silicon in the present of aryldiazonium salt. The aryldiazonium salt solution has been used because it can modify Si surface and produce functional SAMs to connect Si with others molecules. 
II. EXPERIMENTS
The steps of chemomechanical surface functionalization with a diamond scribe are: (i) building self-assembly system, (ii) preparing a oxide terminated silicon substrate, (iii) scribing the surface with the system in the prsence of a reactive compound (aryldiazonium salt), and (iv) removing the unreacted compund.
A. System building
Mechanical surface modification by AFM tip, tungsten carbide ball and diamond-tipped rod applied to scribe silicon surface. In order to process nano/micro scale structures and realize simultaneously functionalizing and patterning oxide-coated silicon, the system need to work in the presence of solution and can better control the forces on the tip. We build a micro artifactitious system including a diamond scribe, CCD optics microscope system, micro ergometer system, manual stage and high precision stage (produced by PI). The system can machining precisely micro-structure in biggish area than SPM by combining precision stage and manual stage.
B. Silicon cleaning
In the experiment, silicon (100) wafers (p-boron, 460±15 µm, test grade) was used. Acetone was reagent grade, and water was obtained from a millipore milli-Q water system. Shards of silicon wafers were cleaned by immersion in 7:3 (V/V) H 2 SO 4 :H 2 O 2 (piranha solution) for 20 min at 90
• C (fulfilling in a aerator) for the sake of creation of oxidated film on silicon surface, and then rinsed with copious amounts of milli-Q water. After the surfaces were cleaned and blown dry with a flow of N 2 , the silicon surfaces were completely oxidated.
C. Scribing Si surface
The surface was scribed, in a fluid cell, with a scribing liquid (aryldiazonium salt solution). To scribe, the diamond tip was brought into contact with the surface with a set force and moved across the sruface. Immediately after scribing, the chips were rinsed with ethanol (∼1 min), then with milli-Q water (∼1 min), and dried with N 2 .
III. RESULTS AND DISCUSSION
In order to get the micro-structure with better surface quality which will provide good substrate for the next functionalizing and patterning silicon, we scribe the silicon with a diamond-tipped instrument in the atmospheric. The results indicate that sufacial quality is comparative ideal as the cutting force between 20 mN to 40 mN. By the silicon's controlled self-assembly experiments in the solution, the cutting speed, cutting assembly time in accord with the self-assembled monolayers' quality (SAMs), and other more parameters suitable for the film growth were obtained.
A. The effects of cutting speed and self-assembly time on surfacial quality It has been found according to the experiments that the scribe speed has a remarkable effect on the roughness of patterning silicon befor functionalizing silicon especially scribed with a diamond tip. The increased scribe speed will augment the roughness of scribed groove and result in assembly molecules having no enough time to move to spatially confined between tip and sample. Furthermore, the increased speed may exceed the adsorbent speed of aryldiazonium salt molecule and Si atom and induces that the spatially confined selfassembly (SCSA) could not effectively carry through. The topography would become unshaped with the increased scribe speed, which not only largen the roughness but also increase the unevenness of SAMs growth and will be likely to bring molecular cohesion and give birth to self-assembly islands, so the scribed speed is not suitable to excessive rapidness [21] . The surfacial quality of assembly monolayers is better while scribe works in speed of 500-1000 nm/s according to the experiments.
SAMs' inverse proportion on silicon surface has been gradually increased along with the prolonged assembly time without regard to the detected error and casual error but the SAMs tardily gain when the assembly time exceedes 12 h, we think that the SAMs turn into comparative completeness. The experimental data reveal that the effect of forming SAMs is not fine as the sample has been immediately taken out from testing box after scribe and the sufacial content of C1s has a small quantity of augment after rinsing with acetone, anhydrous ethanol and milli-Q water. The content of C1s has been enhanced remarkably with the prolonged assembly time, at the same time, the total trend of the content of O1s descends because the sample has a chance to contact oxygen in the process of cutting and after cutting. The content of Si2p takes on a degressive trend on account of the surface covered with SAMs molecules and the fresh scribed silicon give an impact to it simultaneity. In a word, the assembly time about 12 h will form better filims.
B. The morphology characterization
Features prepared with this method are invisible to the naked eye but are observable by atomic force microscopy (AFM), scanning electron microscopy (SEM), and X-ray photoelectron spectroscopy (XPS). AFM, which is unparalleled in its ability to determine three dimension surface topography at micron and nanometer scales, was used to characterize the patterned the self-assembly monolayers [22] . Image scan was carried out using Dimension 3100 (digital instruments ) in contact mode with the same "V" shaped tip (Si 3 N 4 micro cantilever, length 200 µm, elastic coefficient 0.12 N/m). Height images were modified with a zero order flatten and first order plane fit to account for the difference between the plane of the sample and that of the piezoelectric scanner. All imagings were done in the air (300 K temperature) with relative humidity of 60%, scan speed 1.5 Hz, scan area 3 µm. Figure 2 shows SEM images of the scribed silicon surface before and after self-assembly in the presence of aryldiazonium salt. It shows that scribed area has been covered with a layer of reactant but there are no obvious change in unscribed area after assembly (see Fig.2(b) ), which chould be regarded as a proof of that the scribe endows Si atom with energy and connects the silicon and the aryldiazonium salt. It can be seen form Fig.3 that the surface roughness is less and arisen sidesteps befor assembly. However, the sidesteps disappear and there are groups as well as correspondingly even lattice structures on SAMs' surface after assembly.
We can find topographical difference in scribed area between before and after assembly according to the AFM and SEM. However, it could not be deduced that assembled molecules don't physically adsorb to Si surface but connect with covalent bond. The method of spectral analysis integrated with topography analysis has been used to explain that organic molecules connect Si atoms with covalent bond from the change of chemical element and Si atomic chemical bond before and after assembly.
C. XPS of monolayers on Siscr
XPS provides direct evidence for monolayer formation on scribed silicon. Now we will analyse the formation of SAMs on the station of Si scr by XPS. Figure  4 shows that when silicon is scribed in the presence of aryldiazonium salt, less oxygen is found on the surface than original silicon (see Fig.4(a) ), a significant carbon signal appears and significantly less silicon oxide is observed. The corresponding atomic percentages are reported in Table I . The diazonium salt molecules assembled on silicon substrate result in a enganced C1s peaks. The Si2p peak is weaken because a part of silicon atoms have been covered with the SAMs. The degressive O1s peaks result from SAMs substitute oxygen to connect with silicon. It also can be seen from Fig.4(a) that nitrogen element is inexistent before assembly, however N1s peak is found after assembly (Fig.4(b) ).
High-resolution XPS scan has also been used to analyse Si2p peaks. As a result, two forms Si exist in silicon [23] . The area ratio of 100.125 to 104.125 Si2p XPS peaks is 4:1, which indicates that single silicon is the primary form before assembly. The ratio of peaks 100.00 to 102.875 is 1:4, which shows that Si consumedly combines C and O. These results suggest aryldiazonium salt monolayer formation.
D. Connection SWNTs to SAMs
To demonstrate the function of these monolayers made with this method, we connect the carbon nanotubes to the SAMs, and charatrerize the surface with AFM, which will provide experimental basis for the further study using SAMs to function silicon surface. Following monolayer assembly, the substrate was removed from the glovebox and placed in acidic reducing agent (iron power and sparse hydrochloric acid) under pyrogenation in order to deoxidize nitryl to amido, as followes:
An aqueous solution (0.7 µmol/L) of individualized sodium dodecyl sulfate (SDS)-wrapped SWNTs (SWNT/SDS) has been confected, ultrasonic shaked for 12 h and placed still for 20 h in order that the SWNTs remained predominantly as individualized SWNTs rather than in bundles. Then the reductive silicon was placed in a 0.3 mol/L solution of isoamylnitrite in CH 3 CN for 5 min to diazotize the terminal aniline. The substrate was then removed and immediately immersed in an aqueous SWNT/SDS suspension [24] (0.7 µmol/L) at pH 10 for 24 h. Following nanotube attachment, the substrate was removed, rinsed with water and CH 3 CN, and dried with a stream of N 2 to afford the desired structure.
SWNTs attachment was further verified using atomic force microscopy (AFM) (Fig.5) . It can be seen from may be small bundles present as well. We found SWNTs coverage to be controllable by varying the SWNT/SDS reaction time with the terminal diazonium salt from 10 h to 24 h. Control experiments were performed to ensure diazotization steps were required for SWNTs attachment [20] . When the diazotization step was eliminated, there was no attachment of the SWNTs to the silicon surface. This leads us to conclude that the SWNTs are indeed covalently attached to the self-assembled monolayers in the presence of aryldiazonium salt [25] .
IV. CONCLUSION
A new and easy preparation method of monolayers on silicon is proposed, which only requires some inexpensive and easily obtainable equipment and reagents. With this built system and method, we can obtain various SAMs on silicon and realize simultaneously functionalizing and patterning silicon. The performance of aromatic diazonium salts appears to be a general and versatile method for derivatizing silicon surfaces with a wide variety of unsubstituted or substitued aromatic radicals. The attachment of these films is persisitent and strong. A set of parameters suitable for the film growth have been educed by experiments. The sufacial quality of assembly monolayers would be comparative ideal while the cutting force is between 20 mN to 40 mN and scribe works at speed of 500-1000 nm/s according to the experiments as well as the assembly time about 12 h. X-ray photoelectron spectroscopy has allowed the characterization the self-assembled monolayers and an estimation of the surface coverage. Atomic force microscopy and scanning electron microscopy also have been used to characterize the surface morphology. In order to prove that this method can efficiently achieve simultaneously functionalizing and patterning silicon and provide experimental basis for the further study using SAMs to function silicon surface, we connect the carbon nanotubes to the SAMs, and charatrerize the surface with AFM. It is important to note that carbon nanotubes connected to the self-assembled monolayers are uneven and unorder, because of (i) the ununiformity of the initial SAMs, (ii) the incompleteness of deoxidization from nitryl to amido by the pyrogenation of iron power and sparse hydrochloric acid, (iii) the concentration and dispersive degree of SWNTs solution. Future work with this system will focus on studying the reactivity of the SAMs with big molecules such as DNA.
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